Atopic dermatitis (AD) is a chronic and multifactorial inflammatory skin disease involving various dendritic cells such as epidermal Langerhans cells (LC) and inflammatory dendritic epidermal cells (IDECs). Most of the clinical studies was performed on isolated cells, and thus, it would be useful to characterize directly on the human epidermal tissue the first cellular events occurred during the AD. The suction blister method was used to obtain whole epidermis samples and interstitial cutaneous fluids. Employing multiphoton microscopy, we analyzed the early dynamic behavior of inflammatory cells using
| BACKGROUND
Atopic dermatitis (AD) is a chronic and multifactorial inflammatory skin disease involving environmental, predisposing genetic and inflammatory factors. This pathology is characterized by an altered epidermal barrier and abnormal immune responses. The skin barrier impairment observed in AD subjects facilitates aeroallergen penetration such as dust mite protein and promotes immunologic sensitization. [1] [2] [3] Consequently, improvement of skin barrier integrity in AD subjects is one of the major therapeutic axes targeted using emollients. [4, 5] At the cellular level, among the different cell populations identified in AD lesions, two specific CD1a-positive dendritic cells play a key role in the inflammatory response. One of them is Langerhans cells (LC), which are the unique resident subpopulation of dendritic cells in the epidermis. LC are considered to be the first cellular barrier involved in the inflammatory reaction and more precisely in antigens' capture through keratinocyte tight junctions and presentation to T lymphocytes. [6] [7] [8] The other population of DC is inflammatory dendritic epidermal cells (IDECs), which migrate from the dermis into the epidermis following antigen sensitization and contribute to the ongoing pathology.
[9]
| QUESTION ADDRESSED
Until now, cell events involved in the AD have been very well documented on various mouse models (genetic or chemical AD). [10] In humans, Kerschenlohr et al [11] showed a rapid IDEC infiltration into the epidermis of AD subjects 72 hours following atopy patch tests (APT) removal. However, this study was conducted on epidermal cell suspensions obtained by trypsinization from whole skin biopsies and analyzed by flow cytometry. In this context, we propose to study precisely the dynamic behavior of IDEC and LC, in situ, keeping the human epidermis whole and directly following APT removing.
| EXPERIMENTAL DESIGN
To evaluate the dynamic of dendritic cells in response to allergen exposure, we employed a suction blister method in subjects with AD. AD skin lesions were induced by an epicutaneous application of Dermatophagoides pteronyssinus (Derp)-APT. APT was applied for 72 hours to AD skin subjects to induce an early skin reaction, and it was immediately followed by suction blister induction. After human epidermis collection and specific immunostaining, we quantified dendritic cell density following allergen exposure using high-resolution multiphoton microscopy. Furthermore, we monitored the beneficial effect of emollient pre-applied twice a day for 8 days before APT (detailed methods are described in Data S1).
| RESULTS
To investigate the early dynamic of DC in response to allergen exposure, we quantified cell densities from maximum intensity projection images obtained with multiphoton microscopy of immunostained epidermis. As shown in Figure 1A and 1C, the petrolatum area did not contain a pertinent number of IDEC. Interestingly, epicutaneous allergen application for 72 hours caused a rapid and significant infiltration of IDEC into the epidermis (CD206+ cells, P = .0065, Figure 1A ).
However, we noticed that some subjects did not present a clear influx of IDEC. From this observation, we determined the APT reaction to be positive when IDEC density was clearly higher than that found in the petrolatum-treated area. Thus, we considered a patient to be an APT responder if the IDEC density on the Derp-treated area was more than mean + 1.96 × Standard Deviation (SD) of the petrolatum area's IDEC density. [12] Therefore, APT-positive subjects were characterized by IDEC values above a threshold of 111.6 IDEC/mm 2 ( Figure 1A ).
Six subjects presented an APT-positive reaction based on this criterion. All subsequent analyses were performed on these responder subjects ( Figure 1B ). Interestingly, in most APT-positive samples, in CD83 intensity, with 18% higher expression than for the control area (P = .0048; Figures 2D and S1B) , indicative of the LC activation. Interestingly, emollient pretreatment completely blocked the LC activation (P = .0030). Regarding the dendritic LC network, skin occlusion for 72 hours with both petrolatum and Derp-APT caused LC morphological changes. Indeed, LC oriented their dendrites toward the stratum corneum to capture environmental antigens ( Figure 2E ).
However, the number and length sum of dendrites were the same for petrolatum and Derp areas (data not shown). All these data indicated that LC orientate their dendrites in response to any external stimuli (petrolatum and Derp), but LC proliferation and activation only occurred after allergen exposure. Moreover, emollient pretreatment blocked LC activation and LC remained in an immature state.
| DISCUSSION/CONCLUSION
All these results shed light on the early cellular events observed in situ during allergen exposure in AD subjects ( Figure S2 ). LC and IDECs play a central role in the first inflammatory steps following allergen contact on the skin. We showed that IDEC migration in the epidermal layer appears to follow a highly organized process. In response to house dust mites (Derp), IDEC massively infiltrate the epidermis unevenly, forming focal cell aggregates. Moreover, we observed that resident LC, identified by their Langerin positive staining and by the presence of Birbeck granules, [13] appeared homogenously scattered for both the petrolatum and Derp application areas. We also demonstrated a concomitant proliferation [14] and activation of LC that exhibited an overexpression of CD83, the maturation marker of LC which might be involved in T-cell activation. [15] [16] [17] When we focused on cells' dynamic behavior occurring within the first 72 hours after antigen exposure, we noticed that LC elongated their dendrites toward the skin surface, probably to capture antigens as previously shown. [8] Our observation confirmed that LC act as a sensor toward environmental stimuli. Interestingly, dendrite extension to the skin surface was not only observed in the Derp-APT area as expected, but also in the petrolatum area. Thus, our data prove that LC are able to detect and distinguish different external factors leading to specific immune responses. Finally, we demonstrated the preventive effect of emollient application in this cellular 
